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A B S T R A C T
The aims of our study were to investigate the prevalence of risk factors in persons with previously known diabetes
(»old DM«), persons with diabetes developed during the 2003–2008 period (»new DM«) and diabetes-free individuals
within the CroHort study. Risk factors were defined as physical inactivity, unhealthy nutritional regimen, smoking and
excessive alcohol consumption, while diabetes status was self-reported. The most prevalent risk factor in both »old DM«
and »new DM« group was physical inactivity (46.7% and 33.7% in 2003; 46.8% and 46.3% in 2008), then smoking
(12.1% and 14.6%; 12.7% and 14.4%), unhealthy diet (8.8% and 13.8; 8.2% and 10.0%) and heavy alcohol consumption
(11.1% and 6.0%; 7.8% and 13.8%). Diabetes-free individuals had higher rates of smoking and unhealthy diet, and lower
rates of alcohol consumption and physical inactivity than both diabetes groups. These results indicate the need for com-
prehensive actions oriented towards persons with diabetes concerning physical activity.
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Introduction
The worldwide estimates of the prevalence of diabetes
mellitus suggest that 285 million persons suffered from
diabetes in 2010, while the number of persons living with
diabetes or impaired glucose tolerance will surpass 900
million by the year 20301. Type 2 diabetes, a disease
largely preventable by behavioural changes in physical
activity2 and diet3, constitutes the vast majority (>90%)
of these cases. Urbanization, especially in developing
countries, is characterized by the relocation of large por-
tions of the rural population to urban areas, as well as
lifestyle and dietary changes, and can be linked to the in-
creasing prevalence of both obesity and diabetes4.
Obesity and physical inactivity are considered the key
risk factors in the development of type 2 diabetes mel-
litus5. Obesity is associated with insulin resistance, b cell
expansion, and hyperinsulinemia, ultimately leading to
diabetes devolopment6. Physical inactivity is also associ-
ated with higher risks of developing diabetes7, even after
controlling for BMI8. Types of diet have also been often
studied as risk factors for diabetes; for example, it has
been demonstrated that an increased intake of sugary
drinks contributes to elevated risks of developing type 2
diabetes and metabolic syndrome9. Smoking is an addi-
tional risk factor for elevated insulin resistance10,
hyperinsulinemia and relative glucose intolerance11. Al-
cohol consumption has an U-shaped relationship to dia-
betes, where diabetes is less common in persons who con-
sume moderate amounts of alcohol than in teetotallers
and alcohol abusers12.
These factors, aside from playing a role in the devel-
opment of diabetes, are also important factors in its met-
abolic regulation. Obesity can influence the course of
diabetes13, and the improvement in above parameters re-
duces the risk of both micro- and macrovascular compli-
cations and that of cardiovascular and all-cause morta-
lity14,15. Although the guidelines of all major diabeto-
logical societies highlight the need for regular physical
activity and a balanced diet16,17, epidemiological data
suggest a high prevalence of unhealthy behaviours in
persons with diabetes18,19.
It is estimated that there are 316000 diabetics in
Croatia, with national prevalence in adults of 9.2%20,21.
Previous results indicate that compared to the persons
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without diabetes, diabetic persons in Croatia report bet-
ter nutritional habits, they are less likely to be smokers
or alcohol abusers, but more likely to be physically in-
active19. The aims of this paper were (a) to compare di-
etary habits, physical activity, smoking and alcohol use in
2008 between people who were already diagnosed with
diabetes in 2003, those who developed it by 2008 and
those who remained diabetes-free for the entire time,
and (b) to compare the changes within these groups dur-
ing the 2003–2008 period.
Patients and Methods
This study was a part of the Croatian Health Cohort
Study (CroHort), a repeated cross-sectional survey of
adults aimed at providing a comprehensive community
health assessment of Croatians, including their access to
and use of health care services, health status, and deter-
minants of health such as nutrition, physical activity,
smoking, and alcohol consumption. The complete design
of the CroHort is described elsewhere22,23. In brief, a
large field study designed to provide nearly complete cov-
erage (98%) of the Croatian adult population was per-
formed in 2003, with a total of 9070 respondents aged 18
and over. The study was repeated in 2008, with a cohort
of 3229 respondents included in both survey waves. Be-
cause data on self-reported diabetes status were incom-
plete for 131 subjects, our study included data on a total
of 3098 respondents.
Diabetes was assessed based on patients’ self-repor-
ted medical history, i.e. answer to the question »Do you
have elevated sugar?«. Participants in analysis were di-
vided in three groups according to diabetes status (»old
DM« – self-reported diabetes at baseline, »new DM« – di-
abetes-free at baseline, diabetes in 2008, and »no DM« –
free of diabetes at both occasions). The most important
behavioural risk factors as assessed in our study were de-
fined as follows24:
Unhealthy diet
Subjects who reported three or more of the following
risks were considered as having an unhealthy diet: con-
sumption of animal fat, consumption of milk and milk
products with more than 1.5% of fat, eating smoked meat
products every day, not eating fruit every day, always
adding salt to food.
Physical inactivity
Subjects who reported three or more of the following
risk factors were considered as physically inactive: work-
ing at home, travelling to work by public transport, or
working within a 15-min walking or cycling distance,
easy or very easy job (sedentary or walking), physical ac-
tivity less than 30 min a day during leisure time, advice
received from a health care professional within the past
year to increase physical activity.
Smoking
Subjects who reported never smoking, smoking only
occasionally, or every day for up to 5 years, more than 10
years before the survey were not considered to be at risk,
whereas those who reported regular smoking for at least
5 years in the previous 10-year-period were considered to
be at risk.
Alcohol consumption
Subjects who reported drinking six or more glasses or
bottles of alcohol on a single occasion, once a week or
more often, or drinking every day and receiving advice
from a family member or health care professional to
drink less were considered to be at risk.
Statistics
Analysis was performed using SAS version 9.1.3.
Descriptive analysis included calculations of means
and standard deviations. Prevalence of unhealthy diet,
alcohol consumption, smoking and physical inactivity in
2003 and 2008 was compared between groups using c²
test. Within-group differences in the prevalences of a
particular habit in 2003 and 2008 investigated using
McNemar’s test. Differences in continuous variables
among groups were investigated using ANOVA, with
Scheffe post-hoc test where appropriate.
Statistical significance was set at a value of 5% in all
analyses.
Results
At baseline, persons who will develop diabetes by
2008 (»new DM«) were older than persons who will re-
main diabetes-free (»no DM«) (p<0.001 for ANOVA, p=
0.001, Scheffe’s post hoc), and younger than those who
already had diabetes (»old DM«), (p=0.001). The sex
composition of the groups was also significantly different
(p=0.002, chi square test). The »new DM« group had
higher BMI and systolic blood pressure (SBP) (both
p’s<0.001, Scheffe’s post hoc) and higher diastolic blood
pressure (DBP) (p=0.001) than the »no DM« group. The
»new DM« and »old DM« group did not differ in BMI
(p=0.401), SBP (p=0.052) and DBP (p=0.987), while the
»no DM« had significantly lower BMI, SBP and DBP
than »old DM« group (all p’s<0.001, Scheffe’s post hoc).
Prevalence of risky lifestyle habits differed significantly
across groups, with the highest percentage of physically
inactive (46.7%) and those who consume alcohol exces-
sively (11.1%) in the »old DM« group, while the »no DM«
group had the highest prevalence of unhealthy diet (15.4%)
and smoking (19.2%).
At the 2008 follow-up, the »new DM« group had the
highest BMI (p<0.001 for ANOVA, p<0.001 vs »no DM«
and p=0.009 vs »old DM«; Scheffe’s post hoc). Compared
to »no DM«, the »new DM« group had higher SBP
(p<0.001), with no differences in DBP (p=0.078). There
were no differences in SBP (p=0.853) and DBP (p=
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0.697) in comparison of »new DM« to the »old DM«
group. The prevalence of risky lifestyle habits was still
significantly different across the groups.
The »new DM« and »no DM« groups had statistically
significantly higher BMI in 2008 than in 2003 (p<0.001;
paired t-test), while the »old DM« group did not (p=
0.147). The »new DM« group had lower DBP in 2008
(p=0.042) with no changes in SBP (p=0.870), the »old
DM« group had lower SBP (p=0.006) and DBP (p=
0.001) in 2008 while the »no DM« group had no changes
in SBP (p=0.810) and DBP (p=0.217). The results are
presented in Table 1.
When comparing the changes in prevalence of risky
lifestyle habits within groups throughout the study, sig-
nificant differences were seen in the »no DM« group for
unhealthy diet (15.4% in 2003 and 12.9% in 2008; p=
0.008, McNemar test), physical inactivity (31.7% vs.
35.6%; p=0.001) and heavy alcohol consumption (6.6%
vs. 8.5%; p=0.035), while the »new DM group« had sta-
tistically significant differences in prevalence of physical
inactivity (34.0 vs. 46.3%; p=0.002). The results are pre-
sented in Table 2.
The percentage of participants who had no risky life-
style habits at baseline was highest in »new DM« group
(50.0%), followed by »no DM« (43.9%) and »old DM«
(40.2%), while in 2008 the highest proportion was ob-
served in »no DM« (42.6%), followed by »old DM« (40.3%)
and »new DM« (36.9%). These results are presented in
Table 3.
Discussion and Conclusion
The improvement in lifestyle habits, namely diet and
physical activity can prevent or delay diabetes and its
complications2,25, and the adherence to healthy lifestyle
habits is an important indicator of overall public health
and can be used to predict both future health-related
trend and associated economic costs26.
At baseline, persons who will develop diabetes by
2008 (»new DM«) were older than persons who will re-
main diabetes free (»no DM«), and younger than those
who already had diabetes (»old DM«), this finding being
in consistency with the fact that age is a recognized risk
factor for development of diabetes. The observed higher
percentage of males in the self-reported »new DM« and
»old DM« groups in comparison to »no DM« is explained
by higher prevalence of DM in males in Croatia, as re-
ported before21.
The finding of higher BMI, SBP and DBP in »new
DM« group in comparison to »no DM« suggests that,
within the participants that did not have diabetes at
baseline, higher age, elevated BMI, systolic and diastolic
blood pressure could be possible markers of higher risk
for development of diabetes, which is in consistency with
previous research27
Our previous study19 has pointed to the high preva-
lence of physical inactivity in diabetic individuals. The
results shown in this study indicate that, in persons who
developed diabetes during the 5-year follow-up period of
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TABLE 1
CHARACTERISTICS OF SUBJECTS WITHOUT A HISTORY OF DIABETES MELLITUS, WITH DIABETES MELLITUS ALREADY DIAGNOSED
IN 2003 AND THOSE DIAGNOSED IN 2008
Subjects without
a history of diabetes
(N=2461)
Subjects without diabetes






Age/ years (in 2003) 53.9±16.0 58.5±13.0 64.1±9.9 <0.001
Sex 0.002
Male 30.3% 35.2% 38.6%
Female 69.7% 64.8% 61.4%
Body mass index 2003 26.6±4.5 29.2±4.8 29.7±5.2 <0.001
Systolic blood pressure 2003 134.0±23.7 141.5±23.1 146.1±22.8 <0.001
Diastolic blood pressure 2003 80.8±12.2 83.8±11.6 83.6±11.1 <0.001
Unhealthy diet 2003 15.4% 13.8% 8.8% 0.003
Physical inactivity 2003 31.9% 33.7% 46.7% <0.001
Smoking 2003 19.2% 14.6% 12.1% 0.001
Heavy alcohol consumption 2003 6.1% 6.0% 11.1% 0.021
Body mass index 2008 27.6±5.1 30.6±5.7 29.3±5.4 <0.001
Systolic blood pressure 2008 134.0±20.3 141.3±20.3 142.3±20.9 <0.001
Diastolic blood pressure 2008 80.5±10.4 82.1±10.8 81.4±10.0 0.039
Unhealthy diet 2008 12.9% 10.0% 8.2% 0.019
Physical inactivity 2008 35.6% 46.3% 46.8% <0.001
Smoking 2008 19.5% 14.4% 12.7% 0.003
Heavy alcohol consumption 2008 7.0% 13.8% 7.8% 0.021
* ANOVA for continuous variables, and ÷²-test for categorical variables
the study, the prevalence of physical inactivity has risen
dramatically and is comparable to that in »old« diabetics,
albeit their older age. Due to the nature of the study, it is
hard to distinguish whether the physical inactivity, a
known risk factor for development of diabetes, was the
predecessor to the development of diabetes, or alterna-
tively, whether those who were diagnosed with diabetes
worsened their physical activity further. The healthy
group has also shown a rise in prevalence of physical in-
activity, although less dramatic, probably attributed to
aging and lesser mobility.
Unhealthy diet was the least prevalent in the group
with previously diagnosed DM, in both points of mea-
sure. It must, however, be taken into consideration that
habits related to nutrition that were investigated in our
study are less comprehensive than the overall recom-
mendations for persons with diabetes, and are hardly the
measure of adherence to recommendations for proper
nutrition in persons with diabetes.
Prevalence of smoking was also the lowest in old DM
group, with prevalence being lower than previously pub-
lished28, and practically identical to data from CroDiab –
Croatian National Diabetes Registry29. The lower per-
centage of smokers in our study could probably be attrib-
uted to older age of participants. The prevalence of smok-
ing did not change significantly during the study.
In 2003, already diagnosed diabetics had significantly
higher rates of heavy alcohol consumption, with rates
comparable to those from CroDiab registry29. The groups
of newly developed diabetics had the highest rate of
heavy alcohol consumption in 2008, with this finding be-
ing viewed as a possible risk factor for development of di-
abetes in previous studies30.
Comparing the groups according to number of un-
healthy habits of each participant indicates that, again,
the group of newly developed diabetes showed worsening
of lifestyle habits, while the group that remained diabe-
tes-free did not change.
A recent study from USA31 suggested worsening of
healthy lifestyle pattern during the last 18 years, with
decreases documented in physical activity, consumption
of fruits and vegetables, and increase in body mass index.
The percentage of respondents adhering to all 5 of life-
style habits investigated (including smoking and moder-
ate alcohol consumption) has fallen from 15 to 8% in the
period of this study. Individuals with a history of diabetes
were no more likely to be adherent to a healthy lifestyle
than diabetes-free individuals. Our study shows a similar
pattern, with the finding of more prononunced worsen-
ing of healthy lifestyle habits in people who will develop
diabetes, which further predisposes them to potentially
avoidable complications of diabetes.
The latest yearly report of CroDiab indicates that
only 26.6 percent of persons with diabetes have good
glycemic control (HbA1c<6.5%), with 84.8% being over-
weight or obese (BMI  25 kg/m2) and mainly not reach-
ing target values of other modifiable risk factors (lipids,
blood pressure, etc.)29.
Limitations of our study include the follow-up rate of
the survey and the self-reported nature of diabetes sta-
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TABLE 2
CHANGES IN PREVALENCE OF UNHEALTHY HABITS WITHIN DIABETES-RELATED GROUPS, 2003–2008*
2003 (%) 2008 (%) N p (McNemar’s test)
Unhealthy diet Without history of diabetes 15.4 12.9 2461 0.008
Diabetes since 2008 13.8 10.0 261 0.212
Diabetes since 2003 8.8 8.2 376 0.885
Physical inactivity Without history of diabetes 31.7 35.6 2444 0.001
Diabetes since 2008 34.0 46.3 259 0.002
Diabetes since 2003 46.1 46.6 371 0.934
Smoking Without history of diabetes 20.6 19.5 2163 0.198
Diabetes since 2008 16.3 14.5 221 0.627
Diabetes since 2003 13.4 12.8 329 0.832
Heavy alcohol
consumption
Without history of diabetes 6.6 8.5 1235 0.035
Diabetes since 2008 7.4 14.9 121 0.064
Diabetes since 2003 13.8 10.2 167 0.327
*Persons who answered the questions about particular habit in both 2003 and 2008
TABLE 3
PERCENTAGE OF PARTICIPANTS ACCORDING
TO THE PREVALENCE OF UNHEALTHY LIFESTYLE HABITS












0 43.9 50.0 40.2 42.6 36.9 40.3
1 41.7 34.7 44.4 42.6 45.6 49.4
2 12.0 14.0 15.0 11.4 13.1 10.3
3 1.9 1.3 0.5 2.8 4.4 0
4 0.5 0 0 0.5 0 0
tus. The strenghts of the study include its large sample
size, and the fact that it is the first follow-up survey of
this magnitude in Croatia.
In this follow-up survey of lifestyle habits the striking
features are the high prevalence of physical inactivity in
persons with diabetes and rising prevalence in those who
developed diabetes during study. With the established ef-
fects of activities directed towards diet and physical ac-
tivity, both in prevention and management of diabetes,
the high prevalence of physical inactivity in diabetes
warrants urgent public health-oriented actions. Espe-
cially, the emphasis should be made at systematic rather
than periodic activities and a multi-sector approach to-
wards creating a physical activity-friendly environment.
Subgroup with potentially large benefits of increased,
regular physical activity are persons with diabetes, and
they should be constantly re-educated about the impor-
tance of every-day physical activity as the simple and ef-
fective way of improving diabetes-related outcomes.
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PROMJENE U @IVOTNIM NAVIKAMA OSOBA SA [E]ERNOM BOLE[]U U PETOGODI[NJEM
VREMENSKOM RAZDOBLJU: CROHORT STUDIJA
S A @ E T A K
Prevalencija {e}erne bolesti je u porastu u cijelom svijetu, te se procjenjuje da u 2010. na svijetu `ivi 285 milijuna
osoba s dijabetesom, uz jo{ 344 milijuna s poreme}enom tolerancijom glukoze. Glavni rizi~ni ~imbenici za nastanak
{e}erne bolesti i razvoj kroni~nih komplikacija uklju~uju debljinu, nezdravu prehranu i tjelesnu neaktivnost. Cilj ovog
istra`ivanja bio je usporediti prevalencije nezdravih na~ina pona{anja kod osoba koje nemaju {e}ernu bolest, kod osoba
koje }e razviti {e}ernu bolest u idu}em petogodi{njem periodu (novi DM) i kod onih koji ve} imaju dijabetes (stari DM)
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te istra`iti promjene rizi~nih pona{anja kroz petogodi{nji period izme|u dvaju ispitivanja. Istra`ivanje je bilo dio Cro-
Hort studije, presje~ne studije koja je 2003. i 2008. godine istra`ivala zdravstveni status, kvalitetu `ivota i kori{tenje
zdravstvenih usluga. Rizi~na pona{anja bila su definirana kao nedostatak tjelesne aktivnosti, nezdravi na~in prehrane,
pu{enje i pretjerana konzumacija alkohola, a dijabeti~ki status potvr|en je odgovorom na pitanje »Imate li povi{en
{e}er?«. U obje grupe sa {e}ernom bole{}u (stari DM i novi DM) rizi~ni ~imbenik s najvi{om prevalencijom bila je
tjelesna neaktivnost (46,7 i 33,7% u 2003, 46,8 i 46,3% u 2008), pa pu{enje (12,1% i 14,6%, 12,7% i 14,4%), nezdrava
prehrana (8,8 i 13,8%, 8,2 i 10,0%) pa pretjerana konzumacija alkohola (11,1% i 6,0%, 7,8% i 13,8%). Osobe koje nisu
imale dijabetes imale su vi{u prevalenciju pu{enja i nezdrave prehrane, a ni`u prevalenciju tjelesne neaktivnosti i pre-
tjerane konzumacije alkohola. Osobe koje su razvile {e}ernu bolest su u razdoblju prije i neposredno nakon dijagnoze se
po~ele zna~ajno manje kretati i izjedna~ile se s osobama koje ve} imaju razvijen dijabetes. S obzirom da je prevalencija
tjelesne neaktivnosti u obje skupine alarmantna, potrebno je inzistirati na implementaciji i provedbi edukativnih pro-
grama o va`nosti tjelesne aktivnosti, usmjerenih ka osobama pod rizikom od razvoja {e}erne bolesti i ve} postoje}im,
naro~ito novodijagnosticiranim bolesnicima.
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